The present work describes the chemical composition and evaluates the antimicrobial and the anti-acetylcholinesterase properties of the flower oil from the Tunisian Ferula lutea obtained by hydrodistillation and analyzed by combination of GC/FID and GC/MS. The chemical composition of the flower oil of this species is reported for the first time. Seventeen compounds were identified accounting for 94.3% of the total oil. The chemical composition of this essential oil was characterized by a high proportion of monoterpene hydrocarbons (80.4%) among which δ-3-carene (31.2%) and α-pinene (25.8%) were the predominant compounds. The oxygenated monoterpenes represent the second major fraction (12.0%), 2,3,6-trimethylbenzaldehyde (10.9%) being the predominant one. Furthermore, the isolated oil was tested for its antimicrobial activity using the disc-diffusion and the microdilution assays against six Gram-positive and five Gram-negative bacteria as well as towards eight Candida species. It was found that flower oil of F. lutea exhibited interesting antibacterial and anticandidal activity (MIC = 39 g/mL against Escherichia coli, Staphylococcus aureus and S. epidermidis and MIC = 156 g/mL against Candida albicans). The anti-acetylcholinesterase effect of this oil was also evaluated in this work. Results showed that this oil exhibits significant activity (IC 50 =70.25±5.41 µg/mL).
The genus Ferula that belongs to the Apiaceae family comprises 170 species [1] mostly growing in arid regions of temperate Eurasia, the Canary Islands and North Africa. The centre of diversity of the genus is situated in W. and C. Asia [2] . In Tunisia, only four species of the Ferula genus have been identified: F. communis, F. lutea, F. tunetana and F. tingitana [3] . Several species of this genus have been used in folk medicine in several countries. Essential oils have been widely used throughout history for their pharmacological activities such as antibacterial, antifungal, antiviral, antiparasitic, insecticidal and antispasmodic. Today they are being used in the pharmaceutical, sanitary, cosmetic, agricultural and food industries [4, 5] . Different species of Ferula have been extensively studied to establish the chemical composition of their essential oils [6] [7] [8] [9] . All of essential oils of these specimens are rich in monoterpenes [10] and sesquiterpenes [11] . For instance, F. communis essential oil was characterized by a high mean percentage of hydrocarbon sesquiterpenes such as aristolene or alloedhycaryol or hydrocarbon monoterpenes such as myrcene [12, 13] . Various biological activities have been reported for some species of Ferula, such as antioxidant [14] , cytotoxicity [15] and antibacterial [16] .
We report here for the first time, to the best of our knowledge, on the chemical composition of the essential oil isolated from the flowers of F. lutea L. Conventional techniques (GC/FID and GC/MS) according to a methodology developed in our laboratories, were used in this study [17] [18] [19] . We also describe the in vitro study of the antibacterial, antifungal and anti-acetylcholinesterase effects.
The hydrodistillation of F. lutea flowers yielded a yellow oil with an agreeable odour. The essential oil yield (% v/w), calculated from fresh material was 0.23%. The chemical composition of flower oil of F. lutea was investigated by a combination of chromatographic (GC/FID) and spectroscopic methods (GC/MS). The components identified in the analyzed oil are reported in Table 1 , together with their percentage and their retention indices (RI) on both BP-1 (apolar) and BP-20 (polar) columns.
Analysis of the flower oil of F. lutea led to the identification of 17 components accounting for 94.3% of the oil content (14 monoterpene hydrocarbons, 2 oxygenated monoterpenes and 1 sesquiterpene hydrocarbon). It consisted chiefly of monoterpene hydrocarbons (80.4% of the total oil), -3-carene (31.2%) and pinene (25.8%) being far the major components. Limonene (6.3%), myrcene (5.1%), α-phellandrene (4.0%) and terpinolene (2.4%) were also found among the main components. The oxygenated monoterpene fraction (12.0%) was mostly represented by 2,3,6trimethylbenzaldehyde (10.9%). Germacene D (1.9%) constituted the unique sesquiterpene hydrocarbon identified in this oil. It should be pointed out that 2,3,6-trimethylbenzaldehyde is probably an Order of elution and percentages of individual components are given on the apolar BP-1 capillary column, except those with an asterisk (% on polar BP20 column). All the components have been identified by GC(RI) and GC/MS. artifact produced during the distillation from isoferulol esters by saponification followed by proton-catalyzed rearrangement [20] .
Other monoterpene-rich oil samples isolated from Ferula species have been reported in the literature: F. communis (myrcene, 53.5%) [12] , F. hermonis (-pinene, 43.4%) [9] , F. ovina (-pinene, 43.4%) [11] , F. gummosa (-pinene, 28.4-41.0%) [10] . In contrast, sesquiterpene-rich oils have also been reported, for instance, F. communis leaf oils (aristolene, up to 47.1%; allo-hedycariol, up to 53.7%) [12, 13] .
The antimicrobial activities of the essential oil flower of F. lutea against microorganisms examined in the present study and its potency were qualitatively and quantitatively assessed by the present or the absence of inhibition zone diameter, MIC and MBC values. The results are given in Table 2 . The results showed that the essential oil had substantial and a broad spectrum of antimicrobial activity.
The data obtained of zones of growth inhibition (mm) scored in Muller-Hinton agar demonstrated that Gram-positive bacteria exhibited the highest diameters of growth inhibition (between 12 and 19.3 mm). The essential oil was particularly effective against Staphylococcus aureus ATCC 25923 and Micrococcus luteus NCIB 8166 with a diameter of inhibition about 19.3±0.5 and 18.6±0.5 mm, respectively. On the other hand, Gram-negative bacteria were slightly less sensitive to the essential oil with a diameter of growth inhibition ranging from 12.5±1.0 (Bacillus subtilis ATCC 6633) to 17.5±1.0 mm (Escherichia coli ATCC 25922) excepted Pseudomonas aeruginosa ATCC 27853( 8.0±0 mm). Concerning Candida yeasts, the diameters of growth inhibition ranged from 13.6±0.5 mm (C. glabrata ATCC90030) to 22.3±0.5 mm (C. tropicalis) showing an interesting anticandidal activity against practically all the yeast strains used in this study ( Table 2 ). MIC and MBC values for all bacterial strains were in most cases in the range of 0.039-0.650 mg/mL and 0.312-2.5 mg/mL, respectively. A significant MIC value (0.039 mg/mL) was found in the case of E. coli ATCC 25922, S. epidermidis CIP 106510, S. aureus ATCC 25923 and M. luteus NCIMB 8166. The minimal MBC value was 0.312 mg/mL for E. coli ATCC 25922. However, this value reached 2.5 mg/mL for some strains. Another result from this study was that Gram-positive and Gram-negative bacteria have practically the same sensitivity to the tested essential oil. Based on the results of the chemical composition of the flower essential oil of F. lutea (Table 1) , we can assume that the antimicrobial nature of this oil is apparently related to its high content of monoterpene hydrocarbons especially -3-carene (31.2%) and -pinene (25.8%). This assumption is in accordance with previous studies showing the possible contribution of monoterpene hydrocarbons to destroy cellular integrity and thereby inhibit respiration and ion-transport processes [21] [22] [23] [24] . It has been reported in the literature that the monoterpene-rich oil (-pinene, 27.27%; -pinene, 43.78% and myrcene, 3.37%) from the fruits of Ferula gummosa exhibited a strong bacteriostatic activity towards three strains of Gram-positive bacteria (S. aureus, S. epidermis and B. subtilis) and three strains of Gram-negative bacteria (E. coli, Salmonella typhi and P. aeruginosa). The same oil has been also shown to be a remarkably inhibitor of the growth of the two fungi strains, C. albicans and C. kefyr [25] . Inhibition of acetylcholinesterase (AChE), the key enzyme in the breakdown of acetylcholine, is considered one of the treatment strategy ies against several neurological disorders such as 22.3± 0.5 24.0±0.5 -a) IZ: Inhibition zone diameter (mm ± SD) around the discs impregnated with 10 µL of essential oil. SD: standard deviation. b) MIC : Minimum inhibitory concentration (mg/mL). c) MBC : Minimum Bactericidal Concentration (mg/mL). d) Gent: Gentamicin (10 µg/disc). e) AmB: Amphetorecin B (20 µg/disc). f) -Not tested.
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Alzheimer's disease, senile dementia, ataxia, and myasthenia gravis [26, 27] . The AChE inhibition was determined using an adaptation of the method described in the literature [28] . The result showed that the essential oil of flowers of F. lutea could be considered an inhibitor of AChE (IC 50 = 70.25±5.41 µg/mL). This value compared to that of the essential oil of Rosmarinus officinalis (IC 50 =69.8±0.1 µg/mL) [29] reinforces this suggestion. The anti-AChE nature of this oil is apparently related to its high content of monoterpene hydrocarbons, especially -3-carene (31.2%) and -pinene (25.8%), which could be responsible of this activity as was cited in the literature [29, 30] .
Experimental
Analytical GC/FID: GC analysis was carried out using a Perkin-Elmer Autosystem apparatus equipped with FID and two fusedsilica capillary columns (50 m. 0.22 mm i.d., film thickness 0.25 μm), BP-1 (polydimethyl siloxane) and BP-20 (polyethylene glycol). The oven temperature was programmed from 60°C to 220°C at 2°C/min and then held isothermal at 220°C for 20 min; injector temperature, 250°C; detector temperature, 250°C; carrier gas, helium (1 mL/min); split, 1/60. The relative proportions of the essential oil constituents were expressed as percentages, obtained by peak area normalization. Retention indices (RI) were determined relative to the retention times of a series of n-alkanes with linear interpolation, using the Target Compounds software from Perkin-Elmer.
Analytical GC/MS: The analysis of the volatile oil was run on an Autospec GC-HRMS system (GC: Agilent 6890N) . The fused-silica HP5-MS 5% phenyl methyl siloxane capillary column (30 mx0.32 mm I.D, film thickness of 0.25 µm) was directly coupled to the MS. The carrier gas was helium, with a flow rate of 1.2 mL/min. Oven temperature was programmed (50°C for 1 min, then 50-300°C at 2°C/min) and subsequently, held isothermal for 4 min. Injector port: 250°C, detector: 280°C, split ratio1:5. Volume injected: 1.0 µL of 1% solution (diluted in hexane). HRMS Autospec-Ultima recording at 70 eV; scan time 0.75 s; mass Range 40-300 amu. Software adopted to handle mass spectra and chromatograms was a ChemStation.
Plant material:
The flowers of F. lutea L. were collected from the region of Béja (Tunisia), in April, 2010 and identified by Prof. F. Harzallahskhiri, in the Laboratory of Vegetal biology and Botanic, High Institute of Biotechnology of Monastir, Tunisia where a voucher specimen (F.L.F-10) was deposited.
Extraction of essential oil:
The fresh flowers were submitted to hydrodistillation on a Clevenger-type apparatus for 4 h. The essential oil was decanted, dried over sodium sulphate, weighed and stored in sealed glass vials at 4-5°C prior to analysis.
Compound Identification: Identification of compounds by GC (RI) and GC/MS was based on comparison of their retention indices with those of authentic samples and by comparison of their mass spectra with those of pure compounds compiled in computerized libraries. 
Microorganisms

Disc-diffusion assay:
Antimicrobial activity testing was done according to the protocol described in the literature [31] . The antibiotic susceptibility was determined by using the Kirby-Bauer method and Mueller-Hinton agar plates supplemented with 1% NaCl as described [32] . After incubation at 37°C for 18-24 h, the diameter of the inhibition zone was measured with 1 mm flat ruler and the diameters were interpreted according to the Comité de la Société Française de l'Antibiogramme [33] .
Micro-well determination of MIC and MBC:
The minimal inhibition concentration (MIC) and the minimal bactericidal concentration (MBC) values were determined for all bacterial strains used in this study as described [34] . The MIC was defined as the lowest concentration of the compounds to inhibit the growth of the microorganisms. The MBC values were interpreted as the highest dilution (lowest concentration) of the sample, which showed clear fluid with no development of turbidity and without visible growth. All tests were performed in triplicate.
Anti-acetylcholinesterase activity:
Acetylcholinesterase activity was measured as described by Falé et al. [28] . Percentage Inhibition ((%) IP) is given as follow: (%) IP= 100-(A sample /A control )*100. The measurements were repeated three times and values are expressed as IC 50 ± standard deviation [29] .
